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United States government or Lawrence Livermore National Security, LLC. The views and opinions of 
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endorsement purposes. 
 







0 50 100 150 200 250 300 350 400
10 12

10 11

10 10

10 9

10 8

10 7

10 6

10 5

10 4

10 3

10 2

Detection threshold

Time (d)

Xe
no

n
13

3 
C

on
ce

nt
ra

tio
n 

(p
pt

v)

W
in

do
w

 h
ei

gh
t

Window width

Arrival time

Fr
ac

tu
re

Rock matrix

Rock matrix
Source Area

Aluvium

3.1916 m

15.0 m

18
0.

0 
m

20
5.

9 
m

2.0 m

6.25E 4 m

Measurement 





200 0 200 400 600 800 1000

0

100

200

300

400

500

600

700

800

900

D
ep

th
 b

el
ow

 M
es

a 
Su

ra
fc

e 
(m

)

Radial Distance (m)

ATM
tos8

tos7

tos6 tos5

tos4

tos3

tos2

tos1

LCA

Water Table
(a)

ATM
tos8

tos7

tos6 tos5

tos4

tos3

tos2

tos1

LCA

Water Table
(a)

100 50 0 50 100

160

180

200

220

240

260

280

300

320

D
ep

th
 b

el
ow

 M
es

a 
Su

ra
fc

e 
(m

)

Radial Distance (m)

274.3 m

157.0 m

R 2R

Cavity

Altered Zone

Chimney

(b)



0 100 200 300 400 500
0

1

2

3

4

5

6

7 x 104

Temperature (oC)

K eq
=y

/x

 

 
xenon 133
argon 37





0 1000 2000 3000 4000 5000 6000 7000 8000 9000
720
740
760
780
800

(a)

3850 3900 3950 4000 4050 4100 4150 4200 4250 4300 4350
750

760

770

780

   
   

   
   

   
   

   
   

   
 P

re
ss

ur
e 

(m
ba

r)

(b)

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
20

0

20

40

(c)

3850 3900 3950 4000 4050 4100 4150 4200 4250 4300 4350
20

0

20

   
   

   
   

   
   

   
   

   
 T

em
pe

ra
tu

re
 (o C)

Time since Jan. 1, 1983 (d)

(d)(d)



10 11 12 13 14 15

0

50

100

150

200

250

 T (oC)

 Z
 (m

)

 

 
Data (Warner and Violet, 1959)
Calibrated temperature



0 50 100 150 200 250 300 350 400

10 14

10 12

10 10

10 8

10 6

10 4

10 2

100

102

104

pp
tv

Time (days)

SF6 detection threshold

133Xe detection threshold

 

 

133Xe
SF6

Effective diffusivity (log10 m2/s)

H
al

f a
pe

rtu
re

 s
iz

e 
(lo

g 10
 m

)

 

 

9 8.5 8 7.5 7 6.5 6 5.5
4

3.9

3.8

3.7

3.6

3.5

3.4

3.3

3.2

3.1

3

0

5

10

15

20

25

30

35

40

45

50



Effective diffusivity (log10 m2/s)

H
al

f a
pe

rtu
re

 s
iz

e 
(lo

g 10
 m

)

 

 

9 8.5 8 7.5 7 6.5 6 5.5
4

3.9

3.8

3.7

3.6

3.5

3.4

3.3

3.2

3.1

3

60

80

100

120

140

160

180

200

220

240

260

280



Effective iffusivity (log10 m2/s)

Pe
rm

ea
bi

lit
y 

in
 a

llu
vi

um
 (l

og
10

 m
)

 

 

9 8.5 8 7.5 7 6.5 6 5.5
12

11.5

11

10.5

10

9.5

9

8.5

8

5

10

15

20

25

30

35

40

45

50

Effective diffusivity (log10 m2/s)

Pe
rm

ea
bi

lit
y 

in
 a

llu
vi

um
 (l

og
10

 m
)

 

 

9 8.5 8 7.5 7 6.5 6 5.5
12

11.5

11

10.5

10

9.5

9

8.5

8

50

100

150

200

250



15 20 25 30 35 40 45 50
0

100

200

300

400

Te
m

pe
ra

tu
re

 (o C
)

96 oC

Heat pipe Zone

15 20 25 30 35 40 45 50

0.2

0.4

0.6

0.8

1

Radial Distance (m)

M
ol

e 
Fr

ac
tio

n 
(

)

 

 

Steam
Liquid water



 z
 (m

)

 x (m)

1 day

(a)
50 0 50

120

140

160

180

200

220

240

260

280

300

 x (m)

60 day

(b)
50 0 50

120

140

160

180

200

220

240

260

280

300



0 50 100 150 200 250 300 350 400
10 10

10 5

100

105

1010

Time (d)

Ra
di

oa
ct

ivi
ty

 (B
q/

m
3 )

 

 

Detection threshold

11.5 m
17.5 m
46.0 m
102.0 m

0 50 100 150 200 250 300 350 400
105

106

107

108

109

1010

1011

1012

1013

1014

Time (d)

Ra
di

oa
ct

ivi
ty

 (B
q/

m
3 )

 

 
11.5 m
17.5 m
46.0 m
102.0 m



0 50 100 150 200 250 300 350 400
0.0175

0.018

0.0185

0.019

0.0195

0.02

Time (d)

W
at

er
 m

ol
e 

fra
ct

io
n

 

 
11.5 m
17.5 m
46.0 m
102.0 m

0 50 100 150 200 250 300 350 400
0.98

0.9805

0.981

0.9815

0.982

0.9825

Time (d)

Ai
r m

ol
e 

fra
ct

io
n

 

 

11.5 m
17.5 m
46.0 m
102.0 m



 z
 (m

)

 

 

133Xe
200400600800

0

100

200

300

400

500

600

700

800

10 5 0 5 10

 

 

37Ar

log10 (Bq/m3)

200 400 600 800

0

100

200

300

400

500

600

700

800

10 5 0 5 10

 z
 (m

)

 

 

133Xe
200400600800

0

100

200

300

400

500

600

700

800

10 5 0 5 10

 

 

37Ar

log10 (Bq/m3)

200 400 600 800

0

100

200

300

400

500

600

700

800

10 5 0 5 10



 z
 (

m
)

 

 

Steam

20406080100

100

150

200

250

300

350

0.2 0.4 0.6 0.8

 

 

Air

20 40 60 80 100

100

150

200

250

300

350

0.2 0.4 0.6 0.8

 z
 (

m
)

 

 

Steam

20406080100

100

150

200

250

300

350

0 0.2 0.4 0.6 0.8 1

 

 

Air

20 40 60 80 100

100

150

200

250

300

350

0.2 0.4 0.6 0.8








